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Paraganglioma in the vertebral canal of a cow
Dae-Yong Kim, E. Clay Hodgin, Mae K. Lopez,
Alvin C. Camus, D. Gene Luther
Paragangliomas are neoplastic proliferations of extra-adrenal paraganglionic cells and belong to the neuroendocrine
tumor family. 4,8 Paraganglion cells embryologically arise from
the neural crest ectoderm and are distributed segmentally
and symmetrically along the longitudinal axis of the body as
minute aggregates. 4 Based on the anatomical distribution,
innervation, and microscopic structure, the paraganglion system is divided into 2 main groups: the adrenal medulla and
the extra-adrenal paraganglia. The extra-adrenal paraganglia
are classified into 4 subgroups: 1) branchiomeric, which includes aortic and carotid bodies; 2) intravagal, located along
the vagus nerve; 3) aortico-sympathetic, located mainly in
the retroperitoneal area; and 4) visceral-autonomic, found in
visceral organs such as urinary bladder, gall bladder, and
peripheral blood vessels.4 Paraganglion cells act as chemoreceptors or sympathetic function regulators, but the exact
function of the intravagal and visceral-autonomic paraganglionic systems is not well understood.4 Ultrastructurally,
paraganglion cells contain cytoplasmic membrane-bound
electron-dense granules 100-200 nm in diameter.10 The neurosecretory granules contain bioactive amines or other neurotransmitters. Only a few cases of branchiomeric paraganglioma (chemodectoma) have been reported in cows.1,15,18 No
cases of a paraganglioma originating from the extra-branchiomeric group have been reported previously in bovine
species.
A 6-year-old intact female Hereford in good nutritional
condition had reduced function of the forelimbs and posterior limb paralysis for about 6 days. During that time, she
was lying flat on her side with forelimbs extended and was
unable to right herself to a sternal position. Bovine spinal
lymphosarcoma was suspected by the referring veterinarian,
and the cow was euthanized due to a poor prognosis.
The cow was submitted to the Louisiana Veterinary Medical Diagnostic Laboratory for postmortem examination. At
necropsy, the external examination revealed a 3-cm decubital
ulcer over the right tuber ischii with an area of necrosis in
the underlying musculature. A 2- × 4-cm firm extradural
gray mass was found within the vertebral canal adhered to
the dorsal aspect of the body of the sixth cervical vertebra.
Although compression of the left ventrolateral aspect of the
spinal cord was present, the spinal cord did not appear to be
invaded by the mass.
Tissue samples from the tumor mass and representative
organs were fixed in 10% phosphate-buffered formalin, routinely processed, and stained with hematoxylin and eosin
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(HE) for light microscopic examination. Replicate sections
from the tumor mass were also stained with Gömöri’s reticulum, Churukian, and Fontana-Masson argyrophilic methods. For immunohistochemistry, spinal cord sections were
dewaxed with xylene and processed through a series of alcohols. The sections were stained for neuron-specific enolase
(NSE), S-100 protein, and cytokeratin (AE1/AE3) proteins
using commercially available antibodies for NSE,a S-100,b
and cytokeratinb and standard streptavidin-biotin immunoperoxidase staining kits. b,c Bovine adrenal gland (NSE), peripheral nerve (S-100), and skin (cytokeratin) were used as
positive controls. For negative controls, normal rabbit (NSE,
S-100) and mouse (cytokeratin) sera were substituted for the
primary antibody. The paraffin block containing the tumor
mass was excised, deparaffinized in xylene, hydrated through
graded alcohols, and reprocessed for electron microscopy. 17
Histologically, the tumor mass was encapsulated and consisted of a sheet of round to polygonal cells subdivided by
thin fibrovascular septa into packets or nests of tumor cells
(Fig. 1). The tumor pattern is often referred to as either
lobular, alveolar, or endocrine in nature. Occasional central
areas of the tumor nests were necrotic. The tumor cells had
a moderate to large amount of eosinophilic granular cytoplasm and a round to oval centrally located nucleus with illdefined cytoplasmic membranes. The chromatin was evenly
distributed, and a single prominent nucleolus was present.
Multinucleated tumor giant cells were also occasionally present among the tumor cells and in the fibrovascular septa (Fig.
1). There were 2 or 3 mitotic figures per high power field
(400 × ). In the spinal cord, the area of compressed white
matter had mild to severe axonal swelling, spheroid formation, and vacuolation of myelin sheaths. There was compression and distortion of the left ventral horn of spinal gray
matter at the level of C6. No neoplastic foci were found in
lung, liver, kidney, heart, spleen, lymph node, and intestine.
Gömöri’s reticulum stain revealed a characteristic endocrine pattern. Both Churukian and Fontana-Masson stains
failed to demonstrate the cytoplasmic argyrophilic granules.
Immunohistochemical staining of tumor cells was strongly
positive for NSE; the staining was diffuse throughout the
cytoplasm of the tumor cells with minimal background staining (Fig. 2). The tumor cells failed to stain for both S-100
and cytokeratin antigens. Multinucleated tumor giant cells
did not stain for NSE, S-100, or cytokeratin. Although the
tissue was very poorly preserved, electron microscopic examination revealed occasional tumor cells containing a few
neurosecretory type granules in the cytoplasm (Fig. 3). The
granules were round, membrane-bound, dense, and 250-400
nm in diameter.
Diagnosis of the paraganglioma of the vertebral canal was
made based on histopathologic features, reticulum and immunohistochemical stains, and demonstration of the neurosecretory granules.
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Figure 1. Neoplastic mass from a bovine vertebral canal containing sheet of neoplastic cells subdivided by fine fibrovascular septa into
endocrine pattern. Note the multinucleated tumor giant cells. HE. Bar = 75 µm.

Figure 2. Neoplastic cells from the mass in a bovine vertebral canal. Note the dark NSE-positive granules in the cytoplasm of the
tumor cells. Avidin-biotin peroxidase method, Meyer’s hematoxylin counterstain. Bar = 50 µm.
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Figure 3. Neoplastic cell from epidural mass in a bovine vertebral canal. Note the round electron-dense membrane-bound granules within the cytoplasm of tumor cell (arrow). Bar = 1 µm.

The paraganglion is composed of 2 functionally and struc5,8
turally distinct cell types. The chief (type I) cells are derived
from neuroectoderm and contain neurosecretory granules,
whereas, the sustentacular (type II) cells are closely related
to satellite cells of the autonomic ganglion and lack neu8
rosecretory granules. In human paragangliomas, the chief
cells are immunohistochemically positive for NSE, chromogranin, and leuenkaphalin, whereas the sustentacular cells
are positive for S-100 and glial fibrillary acidic protein.8 Neuroendocrine tumors can be divided into neural neuroendocrine tumor (NNT) and epithelial neuroendocrine tumors
(ENT) by cytokeratin immunohistochemistry (Fig. 4).5 Epithelial neuroendocrine tumors express cytokeratin and des5,6
moplakin; NNT do not. Examples of ENT are carcinoids,
neuroendocrine tumors of gastrointestinal and bronchopulmonary systems, islet cell tumors, and medullary tumors of
the thyroid.5 Examples of NNT are paraganglioma, pheochromocytoma, neuroblastoma, and ganglioneuroma.5
The diffuse staining for NSE and negative staining for S-100
suggest that this tumor is derived purely from chief cells.
Negative staining of the tumor cells for cytokeratin indicates
that this tumor is an NNT.
The presence of multinucleated tumor giant cells is not a
common finding in the paragangliomas reported in domestic
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animals. The multinucleated giant cells in this case did not
stain for NSE, S-100, or cytokeratin. Anaplastic or multinucleated giant cells in more undifferentiated human paragangliomas often show weak or absent of immunostaining
for NSE.2 In humans, multinucleated cells are occasionally
found in ischemic regions.8
The tumor in this cow was located within the vertebral
canal but was extradural. In humans, paragangliomas within
the vertebral canal are usually the result of extension of primary paraspinal or retroperitoneal tumors, but development
of primary spinal cord/vertebral canal paragangliomas has
been reported.3,11,13,16 Among the primary intraspinal paragangliomas reported, all except four were found in the cauda
equina.11,13 The remaining 4 were found in the thoracic
spine.3,16 All paragangliomas in cauda equina and 1 in thoracic spine were located intradurally; the remaining 3 thoracic paragangliomas were found epidurally.3,11,13,16 No primary spinal cord/vertebral canal paraganglioma has been
reported in the cervical region.
Only 2 cases of paragangliomas involving the vertebral
canal have been reported in dogs.9,12 In these cases, primary
extra(para)vertebral masses invaded the vertebral canal along
the nerve root, causing compression of the spinal cord.
The tumor in this cow appears to be the first case of a
primary epidural spinal paraganglioma reported in animals.
The neoplastic cells are thought to be derived from paraganglionic cells of the visceral-autonomic group, which preexist
as isolated foci scattered throughout the central nervous system or associated blood vessels.7 However, it is possible that
a primary paraspinal mass (visceral-autonomic group) was
overlooked and the intraspinal mass was the result of extension of a primary mass into the vertebral canal. Distant metastases from NNT paragangliomas of branchiomeric, intravagal, or aortico-sympathetic origin are unlikely because no
tumor mass was found in corresponding areas examined nor
were other metastatic lesions found.
Bovine lymphosarcomas account for most of the neoplasms occurring in the vertebral cana1.14 Although rare,
paraganglioma should be included in the differential diagnoses of spinal neoplasia in cattle. Clinically, paresis and
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paralysis of this cow was due to the presence of a paraganglioma compressing the spinal cord at the level of the sixth
cervical vertebra.

9.

Sources and manufacturers
Dako Corp., Carpinteria, CA.
Biogenix Laboratories, San Ramon, CA.
Vector Laboratories, Burlingame, CA.

References
1. Azuma H, Kurita G, Sasaki H, et al.: 1987, Aortic body tumour
in a cow. J Jpn Vet Med Assoc 40:523-525.
2. Beham A, Schmid C, Fletcher CDM, et al.: 1992, Malignant
paraganglioma of the uterus. Virchows Arch A Pathol Anat 420:
453-457.
3. Böker DK, Wassmann H, Solymosi L: 1983, Paragangliomas
of the spinal canal. Surg Neurol 15:461-468.
4. Glenner GC, Grimley PM: 1974, Tumors of the extra-adrenal
paraganglion system. In: Atlas of tumor pathology, 2nd ser.,
fast. 9, pp. 13-86. Armed Forces Institute of Pathology, Washington, DC.
5. Gould VE: 1988, Neuroendocrine tumors. Introduction. Pathol
Res Pract 183:117-118.
6. Gould VE, Wiedenmann B, Lee I, et al.: 1987, Synaptophysin
expression in neuroendocrine neoplasms as determined by immunocytochemistry. Am J Pathol 126:243-257.
7. Ironside JW, Royds JA, Taylor CB, et al.: 1985, Paraganglioma
of the cauda equina: a histological, ultrastructural and immunocytochemical study of two cases with a review of the literature.
J Pathol 145:195-201.
8. Kliewer KE, Cochran AJ: 1989, A review of the histology.

10.

11.
12.
13.

14.
15.
16.
17.
18.

ultrastructure, immunohistology, and molecular biology of extra-adrenal paragangliomas. Arch Pathol Lab Med 113:12091218.
Lewis JC, Reardon MJ, Montgomery CA: 1976, Paraganglioma
involving the spinal cord of a dog. J Am Vet Med Assoc 168:
864-865.
Pearse AGE: 1969, The cytochemistry and ultrastructure of
polypeptide hormone producing cells of the APUD series and
the embryonic, physiologic implications of the concept. J Histochem Cytochem 17:303-313.
Pigott TJD, Lowe JS, M-Phil KM, et al.: 1990, Paraganglioma
of the cauda equina. Report of three cases. J Neurosurg 73:455458.
Pumarola M, Mascort J, Rabanal R, Ferrer I: 1992, Intrathoracic paravertebral non-functional paraganglioma involving the
spinal cord of a dog. Proc Eur Soc Vet Pathol Med Vet 9:94.
Raftopoulos C, Flament-Durand J, Brucher JM, et al.: 1990,
Paraganglioma of the cauda equina. Report of 2 cases and review of 59 cases from the literature. Clin Neurol Neurosurg 92:
263-270.
Rebhun WC, de Lahunta A, Baum KH, et al.: 1984, Compressive neoplasms affecting the bovine spinal cord. Compend
Cont Ed Pract Vet 6:S396-400.
Schmidt SP, Cooley AJ: 1992, Neuroendocrine tumor (paraganglioma) in an adult bovine. J Vet Diagn Invest 4:214-217.
Silverstain AM, Quint DJ, McKeever PE: 1990, Intradural
paraganglioma of the thoracic spine. Am J Neuroradiol 11:614616.
Weidmann J, Freund M, McGeever-Rubin B: 1987, Comparative light and electron microscopy of paraffin-embedded tissue:
an assessment of three methods. J Histotechnol 10:163-166.
Yates WDG, Mills JHL, Bryant LP: 1981, Aortic body tumor
in a cow (correspondence). Can Vet J 22: 19-20.

J Vet Diagn Invest 6:392-395 (1994)

Hepatogenous photosensitization of sheep in California associated with
ingestion of Tribulus tevrestris (puncture vine)
Sean P. McDonough, Amy H. Woodbury, F. D. Galey, Dennis W. Wilson,
Nancy East, Elizabeth Bracken
Tribulus terrestris (puncture vine) causes sporadic outbreaks of hepatogenous photosensitization of small ruminants in South Africa and Australia known as geeldikkop.3,5,14-17 Toxicity occurs during the summer when young
plants become wilted, especially if rain or increased humidity
is followed by hot dry weather.5,14 An outbreak of hepatogenous photosensitization in a flock of sheep in the Central
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Valley of California, attributed to ingestion of Tribulus terrestris, is reported here.
The flock of registered California Red sheep consisted of
6 ewes 2-6 years old, a 2-year-old ram, and several lambs
2-3 months of age. The entire flock was affected except for
the nursing lambs and 2 of the older ewes. Blackface market
lambs on the same farm, but penned separately, were unaffected. Physical examination revealed icterus, photosensitization, and hemoglobinuria. Based on the clinical findings
and restriction of disease to adults, the etiologic agent was
thought to be an environmental toxin acquired through grazing.
The California Red group grazed in a 3-acre orchard and
were provided steer feed as a concentrate supplement. Samples of water, soil, and grain were screened for heavy metals,
including arsenic, molybdenum, zinc, lead, cadmium, iron,

